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ABSTRACT 

The bending-moment a t  t h e  LM/MDA i n t e r f a c e  t h a t  o c c u r s  
d u r i n g  t h e  CSM a x i a l  dock ing  maneuver has been  a n a l y z e d  i n  d e t a i l  
by MSC and M a r t i n .  T h e i r  r e s u l t s  d i f f e r  b e c a u s e  o f  d i f f e r e n t  
m a t h e m a t i c a l  models .  The Mar t in  a n a l y s i s  u s e s  a LM/MDA i n t e r f a c e  
s t i f f n e s s  model t h a t  i s  more f l e x i b l e  t h a n  t h e  MSC model ,  and  
M a r t i n ' s  r e s u l t  f o r  maximum b e n d i n g  moment i s  a f a c t o r - o f - f i v e  
less t h a n  MSC's. 

I n  t h i s  memorandum, LM/MDA i n t e r f a c e  moment i s  
examined as a f u n c t i o n  of  i n t e r f a c e  s t i f f n e s s  u s i n g  two a n a l y t i c  
a p p r o a c h s  and a s i m p l i f i e d  model. The c o n c l u s i o n  t h a t  t h e  bend- 
i n g  moment can be r educed  by  l o w e r i n g  t h e  i n t e r f a c e  s t i f f n e s s  i s  
reached. 
t h e  S t r u c t u r e s  and Mechanics D i v i s i o n  a t  MSC d i s a g r e e s .  
o b j e c t i o n s  are d i s c u s s e d .  

MSFC and M a r t i n  have r e a c h e d  t h e  same c o n c l u s i o n ,  b u t  
MSC's 

. 

I w v  

{NASA-CR-95430)  STRUCTURAL LOADS IND!JCED BY 
A A P  SPACECRAFT C O C K I N G  D Y N A M I C S  (Rellcomm, 
Inc.) 1 6  p 

N7 

U n c l a s  
00/18  11179 



‘ 4  BELLCOMM,  INC. 
I 1100 Seventeenth Street, N.W. Washington, D. C. 20036 

DATE: A p r i l  1, 1968 SUBJECT: S t r u c t u r a l  Loads Induced by AAP 
S p a c e c r a f t  Docking Dynamics 
Case 6 2 0  FROM: W .  W .  Hough 

MEMORANDUM F O R  FILE 

I N T R O D U C T I O N  

Analyses  o f  s t r u c t u r a l  l o a d s  i n d u c e d  I n  t h e  AAP C l u s t e r  
b y  s p a c e c r a f t  dock ing  dynamics a re  b e i n g  pe r fo rmed  by b o t h  t h e  
S t r u c t u r e s  and Mechanics D i v i s i o n  a t  t h e  Manned S p a c e c r a f t  C e n t e r  
and  b y  t h e  M a r t i n  Company, who i s  u n d e r  c o n t r a c t  t o  t h e  M a r s h a l l  
Space  F l i g h t  C e n t e r .  The bend ing  moment a t  t h e  e s t a b l i s h e d  
LM-ATPV’MDA i n t e r f a c e  (MDA p o r t  :> x h i c h  i s  i n d u c e 5  wheR t h e  CSM 
docks to t h e  a x i a l  MDA p o r t  ( p o r t  5 )  i s  t h e  p a r t i c u l a r  l o a d  t h a t  
has r e c e i v e d  t h e  most a t t e n t i o n ,  The maximum moment c a l c u l a t e d  
b y  MSC i s  a f a c t o r - o f - f i v e  g r e a t e r  t h a n  t h e  v a l u e  found by M a r t i n  
for t h e  same s e t  of  i n i t i a l  c o n d i t i o n s .  Acceptance  o f  t h e  MSC 
v a l u e  as t h e  d e s i g n  l i m i t  l oad  i m p l i e s  r e d e s i g n  of  t h e  LM a s c e n t  
s t a g e  s t r u c t u r e  and a r e l a t i v e l y  heavy MDA s t r u c t u r e ,  w h i l e  a 
v a l u e  30-40% less  i s  w i t h i n  p r e s e n t  s t r u c t u r a l  c a p a b i l i t i e s .  

MSC and M a r t i n  u s e  t h e  same b a s i c  t e c h n i q u e  i n  t h e i r  
l o a d s  a n a l y s e s .  T i m e - h i s t o r l e s  o f  p robe /d rogue  c o n t a c t  l o a d s  
a r e  F e n e r a t e d  by MSC w i t h  a r i g i d - b o d y  dock ing  dynamics program. 
T1iese l o a d s  are  t h e n  a p p l i e d  by b o t h  MSC and M a r t i n  as f o r c i n g  
f u n c t i o n s  i n  e l a s t i c  body r e s p o n s e  programs t h a t  model t h e  C l u s t e r .  
Wle - ‘ f f e r e n c e  betTT’Pr th?e MSC and M a r t i n  r e s u l t s  i s  due s o l e l y  to 
d i l l e i e r i c e s  i n  t n e  i ~ i d t i i t . r i ~ h ~ i ~ d l  rnodels of  t h e  C l u s t e r  used  i n  t h e  
r e s p e c t i v e  r e s p o n s e  a n a l y s e s .  The p r i m a r y  i n f l u e n c e  i s  t h e  
s t i f f n e s s  model of  t h e  LM/MDA i n t e r f a c e .  

I n  t h i s  memorandum, LM/MDA i n t e r f a c e  b e n d i n g  moment i s  
examined as a f u n c t i o n  o f  t h a t  i n t e r f a c e  s t i f f n e s s .  Two approaches  
are  used  i n  t h e  a n a l y s i s  of  a s i m p l i f i e d  model.  The r e s u l t s  f rom 
a two-s tep  approach  o f  t h e  t y p e  u s e d  by MSC and M a r t i n  a re  compared 
w i t h  t h e  r e s u l t s  f rom a combined ( o n e - s t e p )  a n a l y s i s .  The one- 
s t e p  approach  i n c l u d e s  t h e  e f f e c t  on p r o b e  l o a d s  and f r e q u e n c i e s  
o f  dock ing  e l a s t i c  r a t h e r  t h a n  r i g i d  b o d i e s .  

T +  m i l = +  h e  1 i n J ~ r q t o o d  from t h e  o u t s e t  t h a t  t h e  r e s u l t s  
o b t a i n e d  from t h e s e  a n a l y s e s  are n o t  i n t e n d e d  f o r  u s e  i n  s t r u c t u r a l  
d e s i g n .  The i n t e n t  i s  t o  examine t h e  t r e n d  of b e n d i n g  moment v s .  
i n t e r f a c e  s t i f f n e s s  and g ive  i n s i g h t  i n t o  t h e  c o n s e r v a t i s m  or 
opt imism of t h e  two-s t ep  approach  used  i n  t h e  d e t a i l e d  a n a l y s e s  
o f  M a r t i n  and MSC. 
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PARAMETRIC ANALYSES 

F i g u r e  1 s c h e m a t i c a l l y  shows t h e  two-s tep  approach  
used  by MSC and M a r t i n .  It  a l s o  d e p i c t s  t h e  model used  i n  t h e  
s i m p l i f i e d  a n a l y s i s  p r e s e n t e d  h e r e .  I n  t he  f i r s t  s t e p  of  t h e  
s i m p l i f i e d  two-dimens iona l  a n a l y s i s  , t h e  d e t e r m i n a t i o n  o f  p r o b e  
load- t ime h i s t o r i e s  b e g i n s  as  t h e  p robe  head o f  t h e  c h a s e  v e h i c l e  
engages  t h e  drogue  apex  on t h e  t a r g e t  v e h i c l e  a t  p o i n t  P .  T h i s  
p o i n t  i s  m a i n t a i n e d  as a p inned  j o i n t  w i t h  no  r o t a t i o n a l  r e s t r a i n t  
t h r o u g h o u t  t h e  problem.  The model o f  t h e  p r o b e  c o n s i s t s  of  a x i a l  
and  l a t e r a l  l i n e a r  s p r i n g s ,  KA and K L ,  and p a r a l l e l  v i s c o u s  
dampers. Four  i n i t i a l  c o n d i t i o n s  are  r e a u i r e d  t o  d e t e r m i n e  
d e f l e c t i o n s  of  t h e  s p r i n g s .  These are t h e  r e l a t i v e  v e l o c i t i e s  
i n  t h e  x and y d i r e c t i o n s ,  t h e  r e l a t i v e  a n g u l a r  r a t e ,  and t h e  
i n i t i a l  a n g l e  between t h e  c e n t e r l i n e s  o f  t h e  v e h i c l e s .  

MSC's d e t a i l e d  program f o r  d e t e r m i n a t i o n  o f  t h e  p r o b e  
l o a d s  s o l v e s  t h e  t h r e e  dimensisna:  p r s b l e m .  Loads t h a t  c c c s r  
b e f o r e  c a p t u r e  o f  t h e  p robe  head b e c a u s e  o f  i n i t i a l  l a t e r a l  
o f f s e t s  a r e  d e t e r m i n e d .  Ten i n i t i a l  c o n d i t i o n s  are  r e a u i r e d .  
These  a r e  r e l a t i v e  v e l o c i t i e s  i n  t h r e e  d i r e c t i o n s  , a n g u l a r  p o s i t i o n s  
and r a t e s  about  t h e  y a n d  z a x e s ,  i n d e x  a n g l e ,  and t h e  i n i t i a l  
o f f s e t s  i n  t h e  y and z d i r e c t i o n s .  The model o f  t he  p robe  i s  
a c c u r a t e ;  i t  i n c l u d e s  t h e  n o n - l i n e a r  c h a r a c t e r i s t i c s  o f  s t i f f n e s s  
and damping. The computer  program has been  checked i n  a s c a l e  
model t e s t  program as w e l l  a s  w i t h  f u l l - s c a l e  mechanism t e s t s .  
The o u t p u t s  of  t h e  program a r e  t h e  t i m e - h i s t o r i e s  o f  t h ree  
f o r c e s  and t h r e e  Koments at t h e  c e n t e r  o f  t h e  drogue/MDA at tachmef i t  
p l a n e .  The o u t p u t s  of the  f i r s t  s t e p  o f  t h e  s i m p l i f i e d  a n a l y s i s  
are  t h e  t ime  h i s t o r i e s  of t h e  a x i a l  and l a t e r a l  f o r c e s ,  F x ( t )  
and  F ( t ) .  Y 

The second  s t e p  i n  t h e  two-s t ep  approach  i s  t o  a p p l y  t h e  
load - t ime  h i s t o r i e s  i n  an e l a s t i c  body r e s p o n s e  a n a l y s i s .  I n  t h e  
s i m p l i f i e d  a n a l y s i s  , a f o u r  degree-of - f reedom model i s  employed 
(3 r ig id -body  modes and one e l a s t i c  mode).  Bending moment a t  t h e  
LM/MDA i n t e r f a c e  i s  de te rmined  by m u l t i p l y i n g  t h e  d e f l e c t i o n  o f  
t he  b e n d i n g  s p r i n g ,  Kc,, by i t s  s t i f f n e s s .  I n  t h e  d e t a i l e d  M a r t i n  
a n a l y s i s ,  a model w i t h  s i x  r i g i d - b o d y  modes and o v e r  80 e l a s t i c  
modes i s  employed. The r e s u l t s  o f  t h e  s i m p l i f i e d  a n a l y s i s  are  
comparable  w i t h  t h e  r e s u l t s  o f  t h e  d e t a i l e d  a n a l y s i s  b e c a u s e  
mot ion  i n  t h e  lower  e l a s t i c  modes i s  p r i m a r i l y  bend ing  ( i n  two 
d i r e c t i o n s )  a t  t h e  i n t e r f a c e .  A s  these  lower  modes are t h e  
n v i m p  n n q t r i h l l t o r c  i n  t h p  t o f a l  r e s p o n s e ,  t h e  model w i t h  o n l y  
one e l a s t i c  mode i s  an  e x c e l l e n t  a p p r o x i m a t i o n  i n  t h e  two 
d i m e n s i o n a l  problem.  
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F i g u r e  2 d e p i c t s  t h e  model u sed  i n  t h e  combined, or 
one- s t ep  a n a l y s i s ,  Because o f  t h e  s i m p l i c i t y  o f  t h e  model,  
combina t ion  o f  t h e  two s t e p s  adds on ly  one e l a s t i c  d e g r e e  o f  
f reedom to t h e  f i r s t  s t e p  of t h e  o t h e r  apDroach.  There are 
s e v e n  d e g r e e s  o f  f reedom and t h e r e f o r e  s e v e n  modes: 
e l a s t i c  modes and f o u r  w i t h  z e r o  f r e q u e n c y .  The f o u r t h  mode 
w i t h  no e l a s t i c  c o n t r i b u t i o n  i s  due t o  t h e  p i n n e d  j o i n t  a t  P .  

t h r e e  

The one - s t ep  approach  w i l l  y i e l d  a more a c c u r a t e  
s o l u t i o n  f o r  l o a d s  i n d u c e d  a f t e r  t h e  c a p t u r e - l a t c h  e v e n t ,  as 
i t  i n c l u d e s  t h e  e f f e c t  of dock ing  t o  an e l a s t i c  ra ther  t h a n  
a r i g i d  body. 

RESULTS OF SIMPLIFIED ANALYSIS 

Both t h e  one-s tep  and  t h e  two-s t ep  approaches  were 
u s e d  t o  d e t e r m i n e  t i m e - h i s t o r i e s  o f  p r o b e  f o r c e s  and LM/MDA 
b e n d i n g  moments o v e r  a four -order -of -magni tude  r a n g e  o f  LM/MDA 
i n t e r f a c e  s t i f f n e s s ,  K . The same s e t  o f  f o u r  i n i t i a l  c o n d i t i o n s  a 
was used  i n  each  c a s e :  

R e l a t i v e  C l o s i n g  V e l o c i t y  = - A  = 1 f t / s e c  

R e l a t i v e  L a t e r a l  V e l o c i t y  = A = - 0 . 5  f t / s e c  

R e l a t i v e  I n i t i a l  Angle 

R e l a t i v e  I n i t i a l  Rate 

xo 

Y O  

- = -100 - %o 

%o = 1 ° / s e c  - - 

I n  t h i s  s e t ,  a l l  v a l u e s  are  a t  a maximum l i m i t  o f  t h e  Apo l lo  
i n i t i a l - c o n d i t i o n  enve lope  , b u t  t h e  combina t ion  does n o t  
n e c e s s a r i l y  produce  t h e  w o r s t  b e n d i n g  moment f o r  any v a l u e  
of  K u s e d .  The s t i f f n e s s  of t h e  LM/MDA i n t e r f a c e  was v a r i e d  
f rom Ka = lo5 f t .  l b . / r a d i a n  t o  KN = lo9 f t .  l b . / r a d i a n .  

c1 

F i g u r e  3 g i v e s  an example p robe  a x i a l  l o a d  h i s t o r y  
from t h e  one - s t ep  a n a l y s i s  ( t i m e  z e r o  = c a p t u r e - l a t c h  e v e n t ) .  
T h i s  p a r t i c u l a r  p l o t  i s  f o r  Ka = 6 x lo6 f t .  l b . / r a d i a n .  
F i g u r e  4 g i v e s  t h e  h i s t o r y  of p robe  l a t e r a l  f o r c e  f o r  t he  same 
c a s e .  Comparable p l o t s  f r o m  t h e  f i r s t  s t e p  of  t h e  two-s t ep  
a n a l y s i s  a r e  independen t  of Ka, and approx ima te  p u r e  damped 
s i n u s o i d s .  F i g u r e  5 i s  a p l o t  o f  t he  LM/MDA b e n d i n g  moment f o r  
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6 t h e  c a s e  of  K = 6 x 10  f t .  l b . / r a d i a n  from t h e  one - s t ep  
a n a l y s i s .  The h i s t o r y  o f  t h e  b e n d i n g  moment f rom t h e  second  
s t e p  of  t h e  two-step a n a l y s i s  f o r  t h e  same K i s  s imi la r  i n  

a 

s h a p e .  a 

F i g u r e  6 p r e s e n t s  a comparison o f  t h e  t h r e e  normal  
e l a s t i c  mode f r e q u e n c i e s  tha t  are  o b t a i n e d  i n  b o t h  a p p r o a c h e s .  
F r e q u e n c i e s  are p l o t t e d  a g a i n s t  t h e  s t i f f n e s s  p a r a m e t e r ,  Ka. 
The h o r i z o n t a l  dashed l i n e s  a r e  t h e  n a t u r a l  f r e q u e n c i e s  of  t h e  
p r o b e  and r i g i d  v e h i c l e  sys tem a n a l y z e d  i n  t h e  f i r s t  s t e p  o f  
t h e  two-s tep  approach .  The f r equency  of  t h e  p r o b e  a x i a l  mode 
( ,81 c p s )  and t h e  p r o b e  l a t e r a l  mode ( 2 . 2  c p s )  are i n d e p e n d e n t  
o f  t h e  s t i f f n e s s  parameter. The dashed s l o p i n g  l i n e  i s  t h e  
e l a s t i c  mode f r equency  a s s o c i a t e d  w i t h  t h e  LM/MDA b e n d i n g .  
T h i s  f r equency  i s  a p r o p e r t y  o f  t h e  model u s e d  i n  t h e  second  
s t e p  of  t h e  two-step approach ,  and i s  p r o p o r t i o n a l  t o  t h e  
s q u a r e - r o o t  of t h e  s t i f f n e s s  p a r a m e t e r .  ( T h i s  c h a r a c t e r i s t i c  
i s  shown by a s t r a i g h t  l i n e  w i t h  a s l o p e  of  1 / 2  on a l o g - l o g  
p l o t ) .  Two v a l u e s  of t h e  s t i f f n e s s  parameter e x i s t  where t h e  
r e s p o n s e  f r equency  i s  i d e n t i c a l  to a p robe  f o r c i n g  f r e q u e n c y .  
With the  two-s tep  a n a l y s i s ,  a p e r f e c t l y  t u n e d  or r e s o n a n t  
c o n d i t i o n  can e x i s t .  

The t h r e e  s o l i d  l i n e s  are t h e  f r eq -uenc ie s  o f  t h e  
t h r e e  e l a s t i c  modes d e r i v e d  from t h e  one - s t ep  a n a l y s i s .  They 
do  n o t  c r o s s ;  i n  t h e  s t i f f n e s s  r e g i o n  where t h e  two-s tep  approach  
gave  r e s o n a n t  c o n d i t i o n s ,  t h e  c h a r a c t e r i s t i c s  o f  t h e  mode shapes 

change .  For example,  i n  t h e  s t i f f n e s s  r e g i o n  below lo6 f t .  l b . /  
r a d i a n ,  t h e  f i r s t  mode i s  n r i m a r i l y  i n t e r f a c e  bend ing ,  t h e  second 
i s  p r i m a r i l y  probe  a x i a l  mot ion ,  and t h e  t h i r d  i s  p r i m a r i l y  p robe  
l a t e r a l  mot ion .  But a t  a s t i f f n e s s  v a l u e  of  lo7 f t .  l b . /  r a d i a n ,  
t h e  f i r s t  mode becomes p r i m a r i l y  p r o b e  a x i a l  mot ion ,  and t h e  second  
mode becomes p r i m a r i l y  i n t e r f a c e  bend ing .  
t o  4 x lo6 f t .  l b . / r a d i a n ,  i t  i s  i m p o s s i b l e  to d e s c r i b e  e i t h e r  t h e  
f i r s t  or second mode s h a p e s  as p r i m a r i l y  mot ion  o f  one of  these 
s p r i n g s .  The p o i n t  to be  made i s  t h a t  i t  i s  i m n o s s i b l e  t o  a c h i e v e  
a p e r f e c t l y  t u n e d  c o n d i t i o n  a f t e r  t h e  c a p t u r e  l a t c h  e v e n t .  

I n  t h e  r e g i o n  3 x 10  6 

F i g u r e  7 shows t h e  peak  p robe  a x i a l  f o r c e s  d e t e r m i n e d  
i n  b o t h  a n a l y s e s  v s .  t h e  s t i f f n e s s  p a r a m e t e r .  F i g u r e  8 i s  a 
s imi l a r  p l o t  of t h e  peak  probe  l a t e r a l  l o a d s .  The dashed l i n e s  
w e r e  o b t a i n e d  7.n t h e  f irct  s t e p  o f  t h e  two-s tep  approach ,  and  are 
i n d e p e n d e n t  of  Ka. 
s t e p  a n a l y s i s .  
must meet. 

The s o l i d  l i n e s  show t h e  r e s u l t s  o f  t h e  one- 
With an  i n f i n i t e  Ka, t h e  s o l i d  and dashed l i n e s  
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The maximum bending  moments a t  t h e  LM/MDA i n t e r f a c e  
are p l o t t e d  v s .  t h e  s t i f f n e s s  p a r a m e t e r  i n  F i g u r e  9 .  The dashed 
l i n e  w a s  d e r i v e d  from t h e  second  s t e p  of  t h e  two-s tep  approach .  
Damped s i n u s o i d a l  f o r c i n g  f u n c t i o n s  were a p p l i e d  t o  t h e  e l a s t i c  
model i n  t h e  x and y d i r e c t i o n s  a t  p o i n t  P .  The s o l i d  l i n e  was 
d e r i v e d  from t h e  one-s tep  a n a l y s i s .  A t  s t i f f n e s s  v a l u e s  of t he  
LM/MDA s t i f f n e s s  below 6 x lo6 f t .  l b . / r a d i a n ,  t h e  r e s u l t s  
o b t a i n e d  by  t h e  two-s tep  a n a l y s i s  are shown t o  be c o n s e r v a t i v e .  
While a peak bend ing  moment of  abou t  520 ,000  i n c h  pounds is 
o b t a i n e d  when t h e  f r e q u e n c y  of t h e  b e n d i n g  mode i s  e q u a l  t o  t h e  
a x i a l  p r o b e  d r i v i n g  f r equency ,  t h e  more a c c u r a t e  a n a l y s i s  ( i n  
which a t u n e d  c o n d i t i o n  cannot  o c c u r )  y i e l d s  a maximum of a b o u t  
41OJ0O0 i n c h  pounds.  

DISCUSSION AND C O N C L U S I O N S  

The r e a s o n  f o r  t h e  f a c t o r - o f - f i v e  d i f f e r e n c e  i n  maximum 
hnn uc; l lding moments c a l c u l a t e d  by  ?.ISC and Martin 4 s  L l l u s t r a t e d  by 
F i g u r e  9 .  T h e i r  e l a s t i c  models d i f f e r e d  i n  t h e  s t i f f n e s s  o f  t h e  
LM/MDA i n t e r f a c e .  The s t i f f n e s s  i n  t h e  M a r t i n  model r e s u l t e d  i n  
a maximum moment o f  about  1 0 0 , 0 0 0  i n c h  pounds ( e q u i v a l e n t  t o  a 
s t i f f n e s s  of  8 x lo5 f t .  l b . / r a d i a n  i n  t h e  s i m p l i f i e d  two-s t ep  
a n a l y s i s ) ,  w h i l e  t h e  s t i f f n e s s  o f  t h e  MSC model was somewhat 
g rea t e r  ( o v e r  4 x lo6 f t .  l b . / r a d i a n ) ,  and r e s u l t e d  i n  t h e  t u n e d  
r e s p o n s e  c o n d i t i o n .  

Based on t h e  r e s u l t s  o f  t h i s  a n a l y s i s ,  some t e n t a t i v e  
c o n c l u s i o n s  can be drawn. MSC does  n o t  a g r e e  w i t h  a l l  o f  these 
c o n c l u s i o n s  f o r  r e a s o n s  t ha t  w i l l  be  p o i n t e d  o u t .  

1. The b e n d i n g  moment can  b e  k e p t  w i t h i n  t h e  e x i s t i n g  
s t r u c t u r a l  c a p a b i l i t y  o f  t h e  LM a s c e n t  s t a g e  by 
k e e p i n g  t h e  i n t e r f a c e  s t i f f n e s s  e i t h e r  lower  or 
h i g h e r  t h a n  t h e  v a l u e s  t h a t  r e s u l t  i n  ( a p p r o x i m a t e l y )  
t u n e d  c o n d i t i o n s .  I f  i t  i s  k e p t  l ower ,  t h e  MDA w e i g h t  
w i l l  b e  minimized ,  whereas s u b s t a n t i a l  w e i g h t  p e n a l t i e s  
w i l l  r e s u l t  i f  it i s  made h i g h e r .  

2 .  With an i n t e r f a c e  s t i f f n e s s  lower  t h a n  t ha t  which 
p roduces  a t u n e d  c o n d i t i o n ,  t h e  d r i v i n g  and r e s p o n s e  
f r e q u e n c i e s  can be f u r t h e r  s e p a r a t e d  b y  i n c r e a s i n g  
t h e  s t i f f n e s s  of t h e  p r o b e .  There i s  a v e r y  s i m p l e  
mechan ica l  means of a c c o m p l i s h i n g  t h i s ;  t h e  B e l l e v i l l e  
washers i n  t h e  probe s u p p o r t  s t r u t s  can be s t a c k e d  i n  
a d i f f e r e n t  f a s h i o n ,  and t h i s  can  be done l a t e  i n  t h e  
program. 
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3 .  A more a c c u r a t e  one - s t ep  a n a l y s i s  w i l l  g i v e  lower  
v a l u e s  of b e n d i n g  moment t h a n  t h o s e  p r e s e n t l y  
o b t a i n e d  i n  t h e  two-s tep  approach  w i t h i n  t h e  lower  
r e g i o n  of i n t e r f a c e  s t i f f n e s s .  

MSC's o b j e c t i o n s  a r e  based on what might  happen b e f o r e  
t h e  c a p t u r e  l a t c h  e v e n t  due t o  i n i t i a l  l a t e r a l  o f f s e t s .  T h e i r  
s t u d i e s  have  shown t h a t  t h e  p robe  head can  bounce from s i d e - t o -  
s i d e  w i t h i n  t h e  drogue  b e f o r e  c a p t u r e .  The f r e q u e n c y  o f  t hese  
i m p u l s i v e - t y p e  l o a d s  i s  h e a v i l y  dependent  on i n i t i a l  c o n d i t i o n s  
as w e l l  a s  on p robe  s t i f f n e s s .  These r e c u r r i n g  i m n l u s i v e  l o a d s  
c o u l d  e x c i t e  t h e  i n t e r f a c e  bend ing  modes. MSC p o i n t s  o u t  t h a t  
e x c i t a t i o n  of  low f r e q u e n c y  modes i s  l i k e l y  t o  be more damaging 
t h a n  e x c i t a t i o n  o f  h i g h  f r equency  modes. For t h i s  t y p e  of  l o a d ,  
t h e  d i f f e r e n c e  between t h e  one and two-s tep  approaches  w i l l  
p r o b a b l y  n o t  be  
p r e s e n t e d  he re .  

STATUS 

MSFC 
l o a d  c a p a b i l i t y  

as g r e a t  as i n d i c a t e d  i n  t he  s i m p l i f i e d  a n a l y s i s  

has d e c i d e d  t o  d e s i g n  t h e  MDA p o r t s  f o r  a l i m i t  
app rox ima te ly  e q u i v a l e n t  t o  t h e  l o a d  c a r r y i n g  - c a p a b i l i t y  of  'the A p o l l o  modules ( 3 0 0 , 0 0 0  i n c h  p o u n d s ) .  A 

f a c t o r - o f - s a f e t y  o f  1 . 4  w i l l  be  used  ( i . e . ,  t h e  u l t i m a t e  l o a d  
c a p a b i l i t y  w i l l  b e  4 2 0 , 0 0 0  i n c h  p o u n d s ) .  T h i s  c o n f i g u r a t i o n  
w i l l  weigh about  400  pounds l e s s  t h a n  t h e  p r e v i o u s  c o n f i g u r a t i o n  
which w a s  d e s i g n e d  f o r  a 5 0 0 , 0 0 0  i n c h  pound l i m i t  l o a d .  When 
e l a s t i c  models! f o r  t h e  f i n a l  c o n f i g u r a t i o n s  a re  agreed t o  by 
t h e  C e n t e r s ,  MSC w i l l  r u n  a f i n a l  l o a d s  s t u d y .  T h i s  e n t a i l s  
s e a r c h i n g  t h e  r a n g e  o f  i n i t i a l  c o n d i t i o n s  f o r  c r i t i c a l  c a s e s .  
If t h e i r  f e a r s  c o n c e r n i n g  t h e  l o w  MDA s t i f f n e s s  are  r e a l i z e d  
( n e i t h e r  MSFC or t h e  a u t h o r  e x p e c t  t h a t  t h e y  w i l l ) ,  t h e  p r o b e  
s t i f f n e s s  m o d i f i c a t i o n  can  be i n c o r p o r a t e d .  I f  t h i s  m o d i f i c a t i o n  
does  n o t  comple t e ly  e l i m i n a t e  t h e  problem,  t h e  i n i t i a l  c o n d i t i o n  
e n v e l o p  of CSM/MDA r e l a t i v e  v e l o c i t i e s  can  be t i g h t e n e d .  Apo l lo  
has i n v e s t i g a t e d  p o s s i b l e  changes t o  t h e  e n v e l o p e  t o  r e d u c e  p r o b e  
mechanism l o a d s ,  and has concluded  t h a t  r e d u c t i o n s  i n  b o t h  a x i a l  
and l a t e r a l  c l o s i n g - v e l o c i t y  l i m i t s  are f e a s i b l e .  

I n  summary, MSFC e x p e c t s  t h e  more f l e x i b l e  NDA d e s i g n  
w i l l  e l i m i n a t e  t h e  b e n d i n g  problem. I f  t h e y  are wrong, t h e r e  are  
two o t h e r  means t h a t  can be employed t o  e l i m i n a t e  t h e  problem,  
b o t h  of which are s i m p l e  t o  implement ,  The w e i g h t  s a v i n g  t h a t  
r e s u l t s  from t h e i r  d e c i s i o n  t o  b u i l d  t h e  more f l e x i b l e  c o n f i g u r a t i o n  
i s  abou t  400  pounds.  

10  2 2 -WWH-me f 

At tachments  
F i g u r e s  1-9 

--+ W .  W .  Hough 
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CALCULATE LOAD-TIME HISTORIES AT PROBEIDROGUE 
INTERFACE FROM IMPACT OF TWO R I GI D BODIES 
W I T H  MODEL OF PROBE BETWEEN 

FIGURE 1 - TWO-STEP APPROACH USED BY M S C  & M A R T I N  
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FIGURE 2 - ONE-STEP APPROACH 
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